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ABSTRACT
Dihydroxyacetone, recognized as DHA, is a common additive used in spray tans responsible for providing pigmentation 
to the skin similar to a UV tan via the set of mechanisms known as the Maillard Reaction. When exposed to UV 
light, chemicals may experience reduced stability and form free radicals, reactive species commonly associated with 
toxicity. In order for spray tans to be considered safe by Health Canada, DHA should remain stable when irradiated 
by UV light. This report aims to determine whether DHA is capable of exhibiting signs of toxicity when exposed to UV 
light by assessing the literature examining DHA stability in the presence of UV light. While the evidence presented 
suggests a potential source of toxicity induced by UV-degraded DHA, further studies must be conducted to examine 
the correlation between the concentration of DHA and the concentration of free radicals and hydrogen peroxide 
formed.  This may allow for a greater understanding of its toxicity to humans and improve consumer safety. 
Dihydroxyacétone, reconnu comme le DHA, est un additive courant utilisé dans les autobronzants chargés de fournir 
de la pigmentation à la peau semblable à un bronzage UV via l’ensemble des mécanismes connus comme la réaction 
de Maillard. Lorsqu’ils sont exposés à la lumière UV, les produits chimiques peuvent éprouver la stabilité réduite et 
former des radicaux libres, des espèces réactives couramment associés à la toxicité. Pour que les bronzages UV 
soient considérés sûr par Santé Canada, le DHA devrait rester stable lorsqu’il est irradié par la lumière UV. Ce rapport 
a l’intention de déterminer si le DHA est capable de présenter des signes de toxicité quand exposé à la lumière UV 
en évaluant les études qui ont examiné la stabilité du DHA en présence de la lumière UV. Bien que de la preuve a été 
trouvé suggérant une source potentielle de la toxicité induite par la dégradation UV du DHA, d’autres études doivent 
être menées pour étudier la corrélation entre la concentration de DHA et la concentration des radicaux libres et le 
peroxyde d’hydrogène formé. Cela peut permettre une plus grande compréhension de sa toxicité au genre humain et 
d’améliorer la sécurité des consommateurs.
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INTRODUCTION 
Sunless spray tanners are aerosol cosmetics that are 
applied to the skin via a propellant (Jungermann & 
Sonntag, 1991). While there are many ingredients 
frequently found in spray tanners a few are recurrent 
in all spray tanners as their function is universal. 
Chiefly, these ingredients include aqua (water), a polar 
solvent capable of dissolving soluble ingredients, 
glycerin and glycerides, humectants responsible for 
conditioning and moisturizing the skin, dimethyl ether 
as the spraying propellant and dihydroxyacetone 
(Jungermann & Sonntag, 1991; NLM, 2015). 
Dihydroxyacetone (DHA) is arguably the most 
important ingredient and included as the principle 
means to provide pigmentation to the skin with the 
addition of an alkane diol to enhance the effect of 
the pigmentation produced by DHA (Harichian et al., 
2009; Crotty & Ziegler, 1993). These compounds act 
as the base of spray tanners and work together with 
the addition of other chemicals to make each spray 
tanner unique (Table 1).
Under the Food and Drugs Act, cosmetics such as 
spray tanners, are maintained under strict control 
with regulations enforced by Health Canada (Health 
Canada, 2015). This dictates that cosmetics must 
avoid using ingredients that are prohibited for 
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consumer use, found on the Cosmetic Ingredient 
Hotlist, while using approved ingredients with certified 
purposes for application on appropriate regions of 
the skin. (Health Canada, 2015). When producers 
are labelling the ingredients in a cosmetic product, 
the components must be listed in descending order 
of the mass of the target ingredient per mass of total 
solution (% w/w concentration) (Health Canada, 
2015). Terms such as “fragrance” may be used at the 
end of ingredients lists to encompass many chemicals 
which were used for aromatic purposes, even if their 
concentrations are greater than 1% w/w as referenced 
in the Food and Drug regulations (Health Canada, 
2015).
However, due to the ambiguity of identifying fragrant 
ingredients, evaluating the toxicity of cosmetic 
products becomes more complicated as there are 
multiple variables that may affect toxicity, such as 
the quantity of application per instance, the duration 
of exposure, the frequency of applications if periodic, 
as well as the method of application (CCOHS, 
2015). These factors in spray tanning may result in 
a change in the observed toxicity (CCOHS, 2015). To 
successfully and objectively quantify a compound’s 
toxicity, one may determine a compound’s Lethal 
Dose and Lethal Concentration (LD50 and LC50), the 
dose capable of killing 50% of a test species such as 
rats, rabbits or pigs (CCOHS, 2015).
The tested species of interest is indicated when stating 
the LD/C50 given as well as the method of compound 
application in order to provide comparability between 
studies (CCOHS, 2015). The Hodge and Sterner 
Scale may be used to compare these numbers to a 
human toxicity equivalent, allowing for greater control 
over many of the contributing variables and for a 
bias-minimized assessment of the chemical’s toxicity 
(CCOHS, 2015). While there are other factors that 
may contribute to the overall toxicity of spray tans, 
such as parabens or inhalation of the spray during 
application, this report will focus on evaluating the 
toxicity of DHA.  In this case, focusing on its tanning 
effects on the skin.
DHA is a ketose used in spray tanners to pigment the 
skin at its most exterior layer, the stratum corneum 
(Stroud & Scott, 2001). The chemical reactions that 
allow this phenomenon to take place are known as 
the Maillard Reaction (Stroud & Scott, 2001). This 
set of reactions is where a reducing sugar, such as 
DHA, reacts with nucleophilic amino acids in the skin 
through a series of reactions that produce monomers 
capable of polymerizing into end products referred to 
as melanoidins (Nguyen & Kochevar, 2002). These 
resulting polymers create a brown colour which gives 
the tanned pigmentation desired by the cosmetic 
(Nguyen & Kochevar, 2002). While DHA is only 
approved by Health Canada to be applied dermally 
with explicit application instructions, prolonged use 
of DHA has been shown to damage the skin (Health 
Canada, 2015). Symptoms of misusing DHA may 
include skin irritation, unpleasant odours, thickening 
of the skin, skin lesions and a loss of skin elasticity due 
to the crosslinking of melanoidin polymers (Monnier 
et al., 1992; Thorpe & Baynes, 1996; Kimura, 2009). 
As a result, it is possible that, as indicated throughout 
previous research investigations, DHA may pose a 
risk of toxicity to those who use it even under directed 
doses.
There are a variety of chemicals that are sensitive 
to UV radiation resulting in the creation of Reactive 
Oxygen Species (ROS).  ROS are reactive 
compounds capable of attacking DNA and other 
cellular components due to their instability (Wiseman 
& Halliwell, 1996).  There has been little inquiry 
into the sensitivity of DHA and Maillard products to 
UV radiation, despite the numerous intermediates 
that form prior to the melanoidin (Thorpe & Baynes, 
2003). Due to the range of reactions DHA must 
undergo to become melanoidin, it could form free 
radical intermediates that could prove toxic to the 
skin (Wiseman & Halliwell, 1996; Thorpe & Baynes, 
2003). If spray tan users are consistently exposed 
to sunlight without the protection of sunscreen, then 
free radicals could form with the help of DHA as UV 
light has been documented to produce free radicals in 
direct exposure to skin (Jurkiewicz & Buettnerf, 1996).
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This paper aims to determine whether dihydroxyacetone 
is capable of presenting any significant risk of toxicity 
in humans when exposed to ultraviolet radiation by 
investigating current toxicological studies and data 
performed on DHA activity.
MATERIALS AND METHODS
Four studies were assessed for this review: UV-
generated Free Radicals (FR) in Skin: Their Prevention 
by Sunscreens and Their Induction by Self-tanning 
Agents by Dr. K. Jung et al., Dihydroxyacetone, 
the Active Browning Ingredient in Sunless Tanning 
Lotions, Induces DNA Damage, Cell-cycle Block 
and Apoptosis in Cultured HaCaT Keratinocytes 
by Dr. Petersen et al., Superoxide Radical Initiates 
the Autooxidation of Dihydroxyacetone by Tadahiko 
Mashino and Irwin Fridovich and Durability of the Sun 
Protection Factor Provided by Dihydroxyacetone, by 
Faurschou and Wulf, 
The papers gave a range of perspective on DHA to be 
analyzed, such as screening capabilities, genotoxic 
behaviour and reaction mechanisms, by leading 
researchers on DHA. Ingredients in self-tanners were 
compared in order to better compare the effects of 
DHA by considering enhancements to the chemical 
in the formula such as alcohols (Table 1) (Crotty et 
al., 1993).  In addition, each paper showed different 
aspects of the toxicity of DHA and the key points of 
their methodology were highlighted (Table 2). When 
comparing toxicity, the LD50 was used in order to 
quantify the predicted damage and effects on humans. 
RESULTS
Free Radical Production and Genotoxicity: 
One study analyzing skin biopsies found that DHA 
undergoing the Amadori rearrangement with dermal 
proteins during the Maillard Reaction, had created up to 
180% more radicals than skin untreated by DHA when 
exposed to UV radiation, as determined by Electron 
Spin Resonance Spectroscopy (Jung et al., 2008). This 
observation indicated that the presence of DHA may 
accelerate the formation of radicals under UV radiation 
(Jung et al., 2008). This result was obtained from samples 
containing 20% w/w solutions of DHA, in comparison to 
spray tanners which tend to contain a maximum of 15% 
w/w DHA, with most within the range of 2% to 9% w/w 
DHA (Garone et al., 2015). Yet, every concentration of 
DHA used, from 5% - 20%, was found to accelerate the 
formation of free radicals within the first 40 minutes of UV 
radiation exposure, with 5% solutions creating 120% more 
free radicals in the experiment (Garone et al., 2015). 
The production of these free radicals from DHA led to 
an investigation of their effect(s) on the skin. Another 
experiment, using mice and simulated sunlight found that 
DHA could react with amino groups in DNA such as guanine 
and cytosine via redox reactions during the Maillard 
Reaction, forming ROS as intermediates (Petersen et al., 
2004). The formation of ROS and the reaction between 
DHA and DNA displayed genotoxic effects with the use 
of different DHA concentrations, suggesting a positive 
correlation between radical formation present and amount 
of DHA applied (Petersen et al., 2004). Genotoxic effects 
were observed specifically during cell division in the process 
of the formation of ROS through the application of DHA 
(Petersen et al., 2004). In addition, data showed evidence 
of mutagenic damage in bacteria, where genotoxic damage 
was observed with DHA concentrations between 50 – 100 
mM, less than the 500 mM of DHA in consumer product; 
Table 1: Comparison of the Common and Differing 
Ingredients in Popular Spray Tanners Available in Canada. 
The table sorted the ingredients in four popular spray 
tanners by the common spray tanning ingredients, their 
alkanediol, fragrant ingredients as well as any of particular 
note that stood out.
Spray Tan 
Product
Bioderma Photoderm 
Autobronzant
Sephora’s Tinted 
Self-Tanning 
Body Mist
L’Oreal’s Sublime 
Bronze Pro Perfect 
Salon Airbrush  
Self-Tanning Mist
Banana Boat’s 
Summer Color 
Self-Tanning 
Mist
Common 
Ingredients 
in All
● Aqua (Water)
● Dihydroxyacetone
● Glycerin/Glycerides
● Dimethyl Ether
Alkane Diol Pentylene Glycol Butylene
Glycol
Propylene
Glycol
Butylene 
Glycol
Fragrance 
Ingredients
Fragrance/ Parfum ● Hexyl 
Cinnamal
● Linalool
● Mangifera 
Indica
● Fruit Extract
● Citric Acid
● Hexyl Cinnamal
● Linalool
● Citronellol
● Citral
● Limonene
● Coumarin
● Additional 
“Parfum/ 
Fragrance”
● Aloe 
Barbadensis
● “Fragrance”
Other 
Notable 
Chemicals
[Mannitol, Xylitol, 
Rhamnose, 
Fructooligosaccharides]a
None of Note [Methylparaben]b [Erythrulose]c
a) These chemicals are commonly used as sweeteners. Their use in cosmetics is for humectant and conditioning uses (CIHR, 2015).
b) Parabens in general have been found to not be toxic in the amounts available in cosmetics but have been considered endocrine disruptors 
for their ability to mimic estrogen (FDA, 2015).
c) Erythrulose may be used in conjunction to DHA to enhance the tanning pigmentation that DHA gives by itself (NCBI, 2015).
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assuming the spray tanner has an average concentration 
of DHA at 5% w/w (Garone et al., 2015; Petersen et al., 
2004).
Hydrogen Peroxide Production:
Hydrogen peroxide is a chemical that has been documented 
as having toxic properties and its production from a reaction 
pathway may deem the pathway as toxic (Imlay et al., 1988; 
Desagher et al., 1996). Consequently, a radical mechanism 
exists for the production of hydrogen peroxide due to the 
keto-enol tautomerism of dihydroxyacetone (Tadahiko 
& Fridovich, 1987). The pathways shown indicates the 
possibility that, when exposed to ultraviolet radiation in the 
presence of molecular oxygen, DHA forms H+ and HO2- in 
a radical reaction pathway, which may further react and form 
hydrogen peroxide, as shown to occur by a metal chelating 
agent (Tadahiko & Fridovich, 1987). This pathway also 
renews the DHA in order to continue the reaction if excess 
oxygen gas is present, allowing for many more cycles of 
Study Methods Notes
(Faurschou & 
Wulf, 2004)
“Ten healthy subjects were selected between the ages of 20-57; half male, half 
female; all being light skinned. 
The experiment was conducted during the summer. 
20% DHA locobase lotion was applied in four 40 cm2 areas on the volar 
forearms, with two application areas per arm. 
DHA cream was applied in amounts of 2 mg/cm2 once daily for two consecutive 
days. Subjects showered but did not rub applied areas.
After the 2nd day of application, in periods of 1, 5 and 7 days after the 
application, phototests were conducted on the areas using a solar simulator with 
a filtered Xenon lamp, emitting UV radiation in dose increments of 25%. 
Spectral reflectance measurements were taken and measured by skin 
reflectance spectroscopy.”
• “Light skinned” is not quantified, to what degree are the subjects 
light skinned is undetermined
• The experiment does not control external UV radiation exposure as 
the experiment was “conducted during the summer.”
• The experiment uses skin reflectance spectrometry to measure the 
spectral reflectance of UV radiation from a filtered Xenon lamp on 
20% DHA lotion applied areas
(Jung et al., 
2007)
“A PCA probe at 1 mM was used to detect free radical reactions. 
DHA in concentrations of 5, 10, and 20% (w/w) were prepared in distilled water 
and used within 12 h. 
Electron Spin Spectroscopy was used to find the presence of radicals with a 
nitroxyl spin probe PCA. 
A sun simulator SOL F2 was used for UV irradiation with UVA 25 mW/cm2 and 
UVB 2.6 mW/cm2.
1 cm x 1 cm pig ear skin samples were imbued with 1 mM solution of PCA for 5 
min. The test products were applied to the epidermal side of the skin.
4 mm samples were removed and fixed to the ESR tissue cell, with the ESR 
spectrum being recorded. 
The skin was irradiated with different UV doses with the spectrum being 
recorded immediately after.”
• The experiment benefits from directly measuring the free radical 
reactions by Electron Spin Spectroscopy in trials of increasing % 
w/w of DHA solutions
• This experiment used a sun simulator (SOL F2) with explicit wattage 
per area for the UVA and UVB wavelengths of UV radiation. This 
differs from Faurschou and Wulf, 2004, as that experiment used a 
filtered Xenon lamp in dose increments of 25%.
• Pig skin samples were used compared to the live humans used in 
the previous experiment.
(Mashino & 
Fridovich, 
1986)
“DHA was allowed to be cooxidized by a Xanthine oxidase reaction. 
The consumption of dioxygen was monitored polarographically with a Clark 
electrode and the reduction of cytochrome c followed at 550 nm.”
• The Clark electrode is a voltammetric tool used to determine the 
oxygen production in the reaction by monitoring the current flowing 
into the electrode (Severinghaus and Astrup, 1986)
• The experiment directly analyzes the production of oxygen species 
in a reaction, different than the other experiments that look DHA on 
skin samples
(Petersen et 
al., 2003)
“Swiss-Webster mice were used 
The concentrations of DHA used were between 5-50 mM monitored at times of 
1, 3, 24 hours after application.
An in vitro Comet Assay was used to detect the genotoxic effects in single cells.”
• In this experiment, Swiss-Webster mice were used versus the pig 
skin samples of Jung et al, 2007 and the human skin in Faurschou 
and Wulf, 2004. 
• The experiment analyzes genetic damage in via comet assay 
(a single cell gel electrophoresis) in contrast to the free radical 
production in the other experiments (Tice, 2000).
Table 2: A Comparison of the Methods used in Studies Analysed. The table provides a reference for the stated methods 
that each study used in their inquiries. While the research purposes varied, the data used to assess the toxicity of DHA was 
taken from these and as such their methods are shown to aid in the assessment. Relevant details were recorded and those 
of particular note to the analysis such as dosage of DHA, the length of exposure as well as the location of application were 
analyzed in the discussion..
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hydrogen production to take place (Tadahiko & Fridovich, 
1987). This reaction can be adapted to the inquiry of this 
paper with the creation of superoxides from UV radiation in 
the presence of DHA.
The significance of hydrogen peroxide presence in biological 
tissue, such as the skin, is due to its unstable and oxidizing 
nature (Desagher et al., 1996). According to its toxicological 
information, at a concentration of 30% hydrogen peroxide 
in solution has a dermal LD50 of 6667 mg/kg on a pig 
subject (Science Lab, 2005). This large dermal LD50 
indicates a higher concentration, or a higher dosage, would 
be required to induce dermal toxicity when compared to 
humans. Although this observation does not indicate a lack 
of toxicity, the oxidative properties of hydrogen peroxide, 
may cause damage to the skin such as bleaching, burning, 
swelling or blistering (Fisher Canada, 1999). Additionally, it 
has been classified as A3 in carcinogenic effects, meaning 
it has unknown human risk, but has displayed carcinogenic 
effects in animals and may be mutagenic to mammalian 
somatic cells (Fisher Canada, 1999; Science Lab, 2005; 
Health Canada, 2015).
DISCUSSION
Based on the studies reviewed, there is strong evidence 
to suggest that DHA does appear to display a degree of 
toxicity when exposed to UV radiation. The data presented 
in In Vivo Formation of Maillard Reaction Free Radicals in 
Mouse Skin by Roger Lloyd et al. indicates that as DHA 
concentration increases, the amount of free radicals 
produced increases, as determined by Electron Spin 
Resonance Spectrometry, with experiments conducted on 
mouse skin (Lloyd et al., 2001).
Despite the fact that the amount of harm from a single 
application to humans is undetermined, the free radicals 
formed with DHA present are more plentiful due to the 
Amadori intermediates (Lloyd et al., 2001). The hydrogen 
peroxide formed by DHA has not been quantified in these 
studies and as such, permanent damage to the skin by 
hydrogen peroxide following the application guidelines for 
spray tanners given is unknown.
DHA UV Screening Capabilities:
Although previous investigations have attempted to 
determine whether DHA can screen against UV radiation 
as opposed to becoming negatively impacted by it, these 
investigations require further research. One study attempted 
to show if DHA could offer some form of screening from 
UVB and UVA radiation, by comparing SPF vs. blue light 
reflectance, a measure of DHA screening of UV (Faurschou 
& Wulf, 2004). However, the data showed a weak correlation 
with a linear fit having an R2 value of 0.39 on a plot with 
little linear correlation, signifying that the error in the trend 
line is large enough to demonstrate a lack of certainty in 
the correlation (Faurschou & Wulf, 2004). The standard 
deviation was not included with the figure and made it more 
difficult to discern the true reliability of the linear fit. The 
experiments should be repeated with more substantial and 
stronger evidence before it could be concluded that DHA 
can offer sufficient UV screening. Despite current research 
suggesting that DHA screens against the lower end of the 
visible spectrum with slight overlap in the UVA region, there 
is no substantial evidence that it is a strong UV screening 
agent (Johnson & Fusaro, 1992). In addition, there is data 
hinting that Maillard products may absorb UV light at the 
UVC spectrum (100-280 nm) (Labuza & Monnier, 1994). 
Overall the data in the study was not strong enough to 
defend the screening ability of DHA. This was due to an 
unquantified correlation and poor linear fit demonstrated 
from the R2 value and plot deviance of the data comparing 
the DHA screening to a Sun Protection Factor from 22-26 
hours after DHA application in addition to results from other 
research suggesting a UV screening range that was on the 
lower end of the spectrum than what was tested (Faurschou 
& Wulf, 2004; Johnson & Fusaro, 1992; Labuza & Monnier, 
1994). Further testing should have been continued or be 
renewed to further investigate the inquiry.
CONCLUSION
Results of genotoxicity by DHA have been found in bacterial 
cells, with the degree of toxicity quantified as minimal in 
animal cells except in dangerous doses unavailable to 
consumers in spray tans (Kramer, 2012). Whether hydrogen 
peroxide is a major contributor to the genotoxicity of DHA 
should be researched further. 
This further experimentation should seek the effects that 
UV radiation has on DHA treated skin and determine 
the significance of free radical and hydrogen peroxide 
production in relation to DHA toxicity. Exact concentrations 
must be determined to better understand the safe dosage 
that may be used in consumer products. This concentration 
can be used to quantify the potential damage, such as in 
the form of a LD50 or LC50, that can be inflicted as well as 
the level of DHA-created free radical necessary to present 
dangerous levels of damage to humans. 
As there are many ingredients in spray tans, it would be 
beneficial to research the effects of chemicals such as the 
alkane diols or fragrance ingredients on DHA and spray 
tan toxicity (Table 1). Chemical interactions may contribute 
to currently undetermined effects, such as increased 
absorption of UV radiation in the skin or free radical 
formation in the skin, which should be inquired into. 
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The analysis conducted has found that DHA displays signs 
of toxicity chiefly in the production of hydrogen peroxide 
and has genotoxic effects in bacterial cultures (Tadahiko 
and Fridovich, 1987; Kramer, 2012). It is suggested this 
area of research be expanded upon as suggested to better 
understand DHA’s properties and whether its toxicity is a 
safety concern to humans. This research is important as 
spray tans grow in popularity and more of the population 
uses them.
 At present, to reduce the harm of UV radiation posed on 
spray tans, consumers applying these products would 
benefit from the application of sunscreen, as is suggested 
even without spray tans (Green et al., 1999) With UV light 
posing a risk irrespective of the application of a spray tan, 
using spray tanners in combination with a properly applied 
and approved sunscreen lotion aids in minimizing the 
toxicological threat with typical exposure to UV radiation 
from the sun (Rice, 1976). 
ABBREVIATIONS
DHA  Dihydroxyacetone
UVA, UVB, UVC Ultraviolet (A has a wavelength 
of 315-400 nm, B: 280-315 
nm, C: 100-280 nm) (NIEHS, 
2014) 
LD/C  Lethal Dose/Concentration
ROS  Reactive Oxygen Species
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